Murine B lymphocytes appear to be heterogeneous from a functional point of view. Thus, those B cells that give rise to antibody-producing cells can be divided into a subset that requires cooperation with T-derived lymphocytes and another subset that is T independent (1-6). Recently, it has been shown that the B-cell population also contains suppressor cells that regulate various functions of T cells (7) (8) (9) (10) (11) and that these suppressor cells seem to be different from antibody-producing cells (10, 11).
Murine B lymphocytes appear to be heterogeneous from a functional point of view. Thus, those B cells that give rise to antibody-producing cells can be divided into a subset that requires cooperation with T-derived lymphocytes and another subset that is T independent (1) (2) (3) (4) (5) (6) . Recently, it has been shown that the B-cell population also contains suppressor cells that regulate various functions of T cells (7) (8) (9) (10) (11) and that these suppressor cells seem to be different from antibody-producing cells (10, 11) .
There is contradictory evidence as to whether the response to different mitogens defines different B-cell subpopulations. In mice, Melchers and Andersson (12) concluded that PPD and lipepelysaccharide (LPS) I stimulate the same cell, whereas Gronowicz and Coutinho (13) obtained an additive effect after double stimulation with PPD and LPS. Diamanstein et al. (14) have also obtained an additive effect ai~r double stimulation with dextran sulfate (DxS) and LPS. Finally, it was recently suggested that LPS-reactive B cells differ from those B cells stimulated by lipoprotein (15, 16) or peptidoglycan (17) prepared from Escherichia coli.
The aim of this work was to test directly various alternative hypotheses that could explain the differences in the responsiveness of routine B lymphocytes with regard to various mitogens: (a) One cell possesses the receptors for various mitogens and can be stimulated by all known murine B-cell mitogens separately; (b) the ability to respond to various mitogens depends on the stage of maturation of the B cell; (c) there are different subsets of lymphocytes for different mitogens.
We have chosen three well-known B-cell mitogens for this study; LPS (12) , Nocardia water-soluble mitogen (NWSM) (18) and DxS (13) . We have used the 5-bromo-deoxyuridine (BUdR) suicide technique of Zoschke and Bach (20) . This should be a more critical method for ascertaining whether different cells respond to different mitogens by eliminating or inactivating those cells that respond to an initial mitogen.
The specific killing by rabbit anti-mouse immunoglobulin serum and by antiIa alloantisera was used to investigate the presence of Ig and Ia on the surface of cells reactive to the above mitogens.
lation counter, was taken as a measure of blast transformation of lymphecytes. 1 ~Ci [3H]thymidine (spec act 1 Ci/mM-Commissariat a l'Energie Atemique, Saclay, France) was added for each tube 12 h before harvesting the cells. The processing of [3H]thymidine-treated cultures was as previously described (23) . Sera. Rabbit anti-mouse Ig serum was a gift from Donna Sieckmann (Laboratory of Immunology, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Md.). Alloantisera were prepared according to the method described by David et al. (24) . Anti-theta ascites AKR anti-C3H (Thy 1.2) (lot BA005) was obtained from Bionetics Laboratory Products, Kensington, Md.
Treatment of Spleen Cells with Anti-la Serum or Rabbit Anti-Mouse lg and Complement.
The lymphocytes were treated with rabbit anti-monse Ig serum or alloanti-Ia sera for 15 rain at 25°C and then incubated with rabbit complement (diluted 1:10) for 30 rain at 37°C. The cells were washed two times and resnsponded in culture medium. Total viable cell numbers were ascertained by counting with trypan blue staining. were incubated for 36 h at 37°C in I ml of medium containing 10-5M BUdR with that dose of mitogen previously determined to give the maximal response. The cells were then exposed to fluorescent light for 2 h, washed three times, and incubated for an additional 36 h with one of the three mitogens.
Results

General Conditions of Experiments
The first eight lines of Table I 
Discrete subpopulations of lymphocytes simultaneously responsive to DxS and LPS or DxS and NWSM appear to exist.
Stimulation of L ymphocytes from Reconstituted Mice. In these experiments, C57B1/6 mice were lethally irradiated and reconstituted with spleen cells exposed to light after 48 h of culture with BUdR alone, or with BUdR plus LPS, DxS, or NWSM. The mitogenic response of spleen cells from these mice was tested 2 or 3 wk after reconstitution; by 1 mo the mortality of the mice was too high to obtain sufficient numbers for testing. Presumably, the mice did not receive a sufficient number of stem cells for long-term survival.
The data presented in Fig. 2 show that mice reconstituted with cells depleted for responsiveness to a particular mitogen gave a low response to that mitegen but gave a moderate to high response against the other two mitogens. All groups gave a significant response to the control mitogen, Con A (5 gg/ml). Control mice reconstituted with spleen cells incubated with BUdR alone were stimulated by all three mitogens. Control and normal mice are not, however, (4R) spleen cells with rabbit anti-mouse Ig serum (diluted 1:25) and complement, 57% viable cells were recovered vs. 91% after treatment with heatinactivated normal rabbit serum and complement. In the case of B10 spleen cells, 51% viable cells were recovered after treatment with anti-mouse Ig serum vs. 96% after treatment with normal rabbit serum. In both B10.A (4R) and B10 spleen cells, the treatment with anti-mouse Ig serum and complement drastically inhibited the LPS response, whereas the NWSM response was inhibited only 65% of normal rabbit serum-treated responses as a control in B10.A (4R) and 50% in B10, respectively. The Con A response was not altered by such treatment. These results indicate that the majority of LPS-responding B cells bear surface Ig, whereas a proportion of NWSM-responding cells bear little or no surface Ig (see Table II ).
Treatment with Alloanti-Ia Serum and Complement.
After the treatment of B10.A spleen cells with A.TH anti-A.TL (anti-I-A -* I-E) and complement, 47% viable cells were recovered vs. 100% after treatment with normal mouse serum and complement. Both alloanti-Ia and normal mouse sera were diluted 1:50. After such treatment, both NWSM-and LPS-reactive cells were eliminated. The same serum used with B10.A (4R) mice, which share only I-A k with B10.A (4R) mice, also induced a decrease of the [3H]thymidine incorporation induced by LPS and NWSM stimulation. In this experiment 37% viable cells were recovered after treatment with A.TH anti-A.TL serum diluted 1:50 vs. 69% viable cells recovered after the treatment with normal mouse serum and rabbit complement. When spleen cells from B10.S (9R) were treated with A.TH anti-A.TL serum, potentially containing alloantibodies directed against I-J, I-E, and Ia 7 (I-C) antigen. After such treatment, only 36% viable cells were recovered vs. 100% ai~r the treatment with normal mouse serum and rabbit complement. This treatment drastically inhibited the LPS response, whereas the NWSM response was down only 50%. Similar results were obtained with an anti-HTT serum prepared in B10.A (7R). The alloanti-Ia antibodies of this latter are also directed against I-C when B10.S (9R) mouse cells are used as targets (data not shown here).
The anti-AQR serum prepared in (C3H × B10.D2)F1 mice is specific for I-E k alloantigen when B10.A (3R) mouse lymphocytes are used as targets (5R) mouse lymphocytes contained antibodies directed against I-J k (the differences between 3R and 5R are only in I-J k). So far, these sera have been used to study whether there are differences in I-E k and I-J k between LPS-and NWSM-reactive cells. As can be seen in Table  III, Therefore, these results indicate that the cells that respond to NWSM and LPS carry high density of I-A but not I-E and I-J alloantigens. Moreover, the subset that can be stimulated by LPS also carries I-C, whereas only 76% of NWSM-reactive cells carry this alloantigen.
The above data suggest there is a subset of cells lacking both Ig and I-C antigen that can respond to NWSM. We tested this possibility by two-step killing of cells from B10.S (9R) mice; first, with rabbit anti-mouse Ig serum and second, with anti-Ia.7 (I-C) alloantibody and complement.
The data presented in Table IV These data show that the subset of cells which can be stimulated by NWSM lacking or has low density of Ig receptor and I-C antigen and does not carry Thy 1.2 antigen.
Discussion
Two major differences exist between T-and B-cell mitogens: (a) The vast majority of T-cell mitogens have been extracted from plants (Con A, phytohemagglutinin, lentil mitogen [24] , robinlectan [25] ), whereas B-cell mitogens have been prepared from microorganisms. (b) The response to mitogens is high in all species examined, whereas the response to B-cell mitogens shows considerable species-to-species variation.
Thus, NWSM is able to stimulate human, rabbit, mouse, rat, and avian Bderived lymphocytes (16, 23, 26) ; lipoprotein from E. coli and peptidoglycan from gram-positive and gram-negative species can stimulate rabbit and mouse B-cells (16, 22, 28, 29) , whereas LPS and its lipid A moiety enterotoxin B, DxS, pneumococcal SIII polysaccharides fail to induce a high [ZH]thymidine incorporation and to stimulate nonspecifically human, monkey, guinea pig, and rabbit lymphocytes (30) (31) (32) (33) (34) .
These data suggest that during evolution either various subsets of B-derived lymphocytes or various receptors for B-cell mitogens on the same cell have been selected in different ways in various species.
In this work, we have tested directly whether various subsets of cells exist for B-cell mitogens.
The data presented here ( Table I) show clearly that distinct subsets of lymphocytes are stimulated by NWSM and LPS. Subsequent to elimination of cells responding to NWSM using BUdR-light exposure methods, cultures were stimulated by LPS and DxS but not by NWSM. The same pattern was true for all other possible combinations, i.e., elimination of the response to one test mitogen did not eliminate the response to the other two test mitogens. The data suggest that the majority of lymphocytes responsive to either LPS or NWSM are not responsive to the other two test mitogens. However, the majority of lymphocytes responsive to DxS appear also to be responsive to either LPS or NWSM.
The above in vitro experiments were confirmed in another set of experiments: Cells responding to one of the three test mitogens were eliminated in vitro by BUdR-light treatment and then injected into irradiated mice. After 2 and 3 wk, the mitogenic response was tested for all three test mitogens. This protocol was followed for all three test mitogens. The results again suggested that different subsets of lymphocytes respond to NWSM, LPS, and DxS rather than that the blast response to a given mitogen is related to the stage of maturation of the potentially responsive cells. This conclusion is in agreement with the data reported by LSwy et al. (36) who showed that when LPS is administered in vivo one can induce a strong polyclonal antibody response showing activity against both trinitrophenyl and bromelain unmasked antigens on syngeneic erythrocytes and thymocytes. NWSM, however, failed to induce plaque-forming cells against self structures unmasked by bromelain treatment. Note also that in the rabbit it was shown that the population of B lymphocytes that can be stimulated by NWSM is different from that stimulated by anti-allotypic b4 antiserum (31) .
Our data suggest that a large fraction of the lymphocyte population stimulated by DxS can also be stimulated by LPS. These data are in agreement with those reported by Gronowicz and Coutinho (13) who showed that DxS stimulates a less mature population of LPS-sensitive cell subsets which can also be found in bone marrow (14) .
Our data on the specific killing with anti-mouse Ig serum or with alloanti-Ia sera also show that the B cells reactive to NWSM differ from those reactive to LPS. In both B10.A (4R) and B10 strains the response to LPS was drastically inhibited by anti-mouse Ig serum, whereas that induced by NWSM was only inhibited 65 and 50%, respectively. These data suggest that half of the NWSMreactive cells have a low density of Ig. This observation can be related to our previous observations on rabbit lymphocytes, where we found that NWSM induced a proliferation of lymphocytes bearing Fc receptors but lacking Ig (37) .
The killing of lymphocytes with various alloanti-Ia antisera indicates that both NWSM-and LPS-reactive B cells carry IA antigens. This has already been shown for LPS-reactive cells (38) .
However, our data also show that LPS-and NWSM-reactive B cells differ in the amount of I-C. Moreover, a discrete subset of NWSM-responding cells seems lacking in beth I-C and Ig receptors.
Our results show that murine B-cell subpopulation is constituted of several subsets with respect to response induced by mitogens. Studies on genetic control of the subsets responding to LPS and NWSM are in progress.
Summary
The B-cell mitogens lipopolysaccharide (LPS), Nocardia water-soluble mitogen (NWSM), and dextran sulfate (DxS) react with different subpopulations of B lymphocytes. Selective in vitro killing of cells responding to either LPS or NWSM has little effect on the in vitro response to the other mitogen, although the response to DxS is reduced in both cases. If, after selective in vitro killing, cells are injected into irradiated mice for 2-3 wk before measuring their in vitro mitogen responses, the same specificity pattern is seen. Thus, one is dealing with different B-cell subpopulations rather than different stages of maturation of a single population. Treatment with various alloantisera and complement before measuring the mitogen response to LPS and NWSM shows that (a) whereas all LPS response cells carry surface Ig, a subpopulation of NWSM responsive cells does not; (b) beth LPS-and NWSM-responsive cells carry I-A antigens but might not I-E or I-J antigens; (c) all LPS-responsive cells carry I-C antigens, whereas approximately 25% of NWSM responsive cells do not: (d) there is a subpopulation of NWSM-responsive cells carrying neither surface Ig nor I-C antigens and resistant to anti-0 treatment.
